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Seventeen patients with malignant melanoma were 
compared to 24 control subjects regarding UV -induced 
DNA repair synthesis. Peripheral leukocytes were irra-
diated with different UV-doses and the DNA-repair syn-
thesis was measured in presence of hydroxyurea. A dose 
reponse curve was established for each individual. No 
statistical differences were observed when melanoma 
patients were compared to the controls. 
Mammalian cells have the ability to repair enzymatically 
certain types of DNA damage induced both chemically or 
physically [1 ,2]. Evidence for impaired DNA repair capacity in 
mammalian cells having increased susceptibility to UV -light 
was frrst found by Cleaver [3], who demonstrated a decreased 
capacity for DNA repair in fibroblasts from patients with xe-
roderma pigmentosum. The defect was attributed to impaired 
function of a UV -specific endonuclease [ 4,5]. Subsequently 
multiple enzymatic defects have been demonstrated [6,7]. Fur-
thermore, the repair defect seem s to be present in various types 
of cells [8,9]. 
It is a current hypothesis that a defect in UV-induced DNA 
repair mechanisms is of etiological significance in predisposing 
to cutaneous malignancy in patients with xeroderma pigmen-
tosum. Patients with xeroderma pigmentosum develop malig-
nant melanomas in high frequency [7) and epidemiological data 
indicate some connection between UV radiation and develop-
ment of malignant melanoma, even if the UV radiation etiology 
is not straight forward as in squamous cell carcinoma [10-13]. 
With the aim to investigate whether patients with malignant 
melanoma differ from control subjects in UV-induced DNA 
repair capacity, we have studied the UV -induced DNA repair 
synthesis in peripheral leukocytes from patient with malignant 
melanoma. Wheri compared to control subjects, no difference 
in the capacity for UV-induced DNA repair synthesis was 
obtained. 
MATERIALS AND METHODS 
Patients and Material 
Seventeen patients with the mean age 56 ± 11 yr who had been 
treated surgically for malignant melanoma were studied. The surgical 
treatment was performed 4 mo to 9 yr before and all patients were 
apparently free from disease when the investigation was performed. No 
patient had received any other treatment when the blood samples were 
drawn. AU cases were reevaluated and reclassified histologically ac-
cording to Clark et al [14). The patients were compared to 24 healthy 
individuals with the mean age 54 ± 10 yr. 
M easurement of UV-induced DNA -repair Synthesis 
The UV -induced DNA repair synthesis was measured essentially 
according to Evans and Norman (15] and has been described earlier 
(16). Peripheral leukocytes were obtained from 10 to 20 m1 of fresh, 
heparinized venous blood. White cells from each donor were washed in 
phosphate buffered saline (PBS), resuspended in the same solution and 
Manuscript received March 20, 1979; accepted for publication August 
8, 1979. 
This work was supported by a grant from King Gustaf V:s Jubilee 
Foundation, Stockholm. 
Reprint requests to: Ulrik Ringborg, Radiumhemmet, Karolinska 
Hospital, S-104 01 Stockholm 60, Sweden. 
Abbreviations: 
HU: hydroxyurea 
PBS: phosphate buffered saline 
aliquoted into 7 plastic Petri dishes (10 em in diameter) at a cell density 
of about 5-10 X 106 c~Us/5 ml of PBS. The Petri dishes n~mb~red 2-6 
were exposed to UV-hght at 4 doses be~ween 3.2-19.2 J( m whil_e ~eing 
slowly agitated to allow optimal dispersion of the cells. The Petn dishes 
1 and 7 were left on the bench during the irradiation but were not 
exposed, and served as controls for background incorporation. The UV _ 
light was delivered by 2 parallel, low-pressure M ercury yapour lamps 
(Philips, TUV 6 W) which produced a dose of 0.64 J / m2/s. The UV. 
dose was estimated with a Latarjet dosimeter. Immediately after irra-
diation, the cells were centrifuged, and the ceil pellets resuspended in 
1 ml of Parker 199 medium (Flow Laboratories} supplemented with 
25% of fetal calf serum, 125 lig of strep~omycin an 125 l.U. of benzyl-
penicillin. Samples from each tube were taken for cell counting. Hy. 
droxyurea (HU, Sigma Chemical Company, St. Louis) was added to 5 
of the tubes including the unexposed control for a final concentration 
of w-• M. Two tubes, including one unexposed control and one sample 
which was given 9.6 J/m2 , did not receive any HU. All tubes were 
preincubated for 30 min at 37°C before addition of 3H-thymidine (5 Ci; 
mM, 1 mCi/rnl, The Radiochemical Centre, Amersham, England) for 
a final concentration of 10 !iCi( ml. The incubation continued for 2 h.r 
and was interrupted by the addition of 1 m1 of cold 10% TCA to each 
tube. Extraction of free nucleotides took place for 30 min at +4 °C. Two 
more washes in cold 5% TCA were carried out. The cell pellet was then 
resuspended in 70% ethanol and collected on a glass-fibre f:tlte1· (What-
man GS-B) . After two more washes in 70% ethanol the filters were 
dried at 60°C for 2 hr or over night, after which they were placed in 
scintillation vials and treated with solubilizer (Soluene, Packard) to 
release the radioactivity. Ten ml of scintillation fluid (Permablend III 
in toluene, 5.5 g/ 1) was added and the vials were analyzed for radioac-
tivity in a Packard liquid scintillation spectrometer at an efficiency of 
about 30% and a background of 20 cpm. 
RESULTS 
To properly measure the UV-induced DNA repair synthesis 
the r eplicative DNA synthesis was inhibited with HU, which 
does not affect the repair synthesis to any greater extent [17]. 
In Table I the effect of HU on the incorporation of 3H-thYmi-
dine into nonirradiated leukocytes is shown. With 10- 2 M of 
HU the replicative DNA synthesis was depressed to about the 
same level in the patients with malignant melanoma and the 
control subjects. 
The UV-induced DNA repair synthesis was studied after 
irradiation with different UV -doses. A dose response curve was 
established for each individual . As seen from data presented in 
Table II, no statistically significant differences between patients 
with malignant melanoma and control subjects were obtained 
when the UV-induced DNA repair synthesis was studied in 
peripheral leukocytes. There is a great variation among individ-
uals in UV-induced DNA repair synthesis. Most of this varia-
tion, however, seems to be caused by biological differences 
among individuals, and not methodological variation [18]. 
Ten pa tients had had superficial spreading malignant mela-
nomas and in Table II is shown that the DNA repair synthesis 
is about the same as in the controls. 
TABLE I. The effect of hydroxyurea (HU) on the incorporation of 
3 H -thymidine into nonirradiated peripheral leukocytes 
Subjects 






Incorporation of 3H-thymidine 
(cpm/ 106 cells :1: SD) 
NoHU J0- 2 M HU 
565 ± 474 93 ±55 
937 ± 884 77 ± 41 
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TABLE II. UV-induced DNA repair synthesis in peripheral leukocytes from patients with malignant melanoma and control subjects 
Incorporation of 3H-thymidine (cpm/ 106 cells± SD) at different UV-doses (J/m2) 
Subjects Number Age Mean of 3.2 6.4 9.6 19.2 9.6 and 19.2 
Control subjects 24 54± 10 575 ± 150 630 ± 192 680±174 747 ± 171 715 ± 166 
Patients with malignant meta- 17 56± 18 523 ± 289 605 ± 275 621 ± 238 636 ± 207 629 ± 218 
noma: 
Patients with SSM 10 56± 11 581 ± 356 594 ± 315 669 ± 263 628 ± 223 649 ± 242 
Patients with limb melano- 9 55± 11 566 ± 261 683 ± 269 594 ± 184 598 ± 161 596 ± 171 
mas 
Patients with trunk mela- 8 56± 12 490 ± 326 543 ± 275 654 ± 290 674 ± 250 664 ± 264 
no mas 
TABLE III. Differential counts ofperipheralleu.lwcytes in. melanoma patients and control subjects (mean value± standard deviation.) 
Rod-shaped granulo· Neutrophilic granulo· Eosinophilic granulo- Basophilic granulo· Lymphocytes Monocytes cytes cytes cytes cytes 
Melanoma patients 2.1 ± 1.9 47.0 ± 12.0 1.4 ± 1.2 1.1 ± 0.8 43.0 ± 13.0 5.0 ± 2.2 
Control subjects 3.0 ± 1.4 48.0 ± 12.0 2.0 ± 1.4 0.7 ± 0.9 41.0 ± 13.0 5.0 ± 2.0 
The patients were also divided in 2 groups depending on the 
location of th e m elanoma. In Table II limb and trunk m elano-
mas are compared a nd about th e sam e level of DNA repair 
synthesis was obtained. 
Peripheral leukocytes are a heterogeneous cell populat ion, 
and it h as earlier been shown, that lymhocytes are capable of 
DNA repair synthesis, while gra nulocytes have very little or no 
DNA repair synthesis after exposure with UV-light [19,20]. For 
each individual studied a differential count of the white blood 
cells was performed, a nd in T a ble III it is shown that the 
proportion of differen t types of white cells are a bou t th e same 
in melanoma patients and controls. 
DISCUSSION 
To som e extent the development of malignant melanoma 
seems to be r elated to sun exposure [13]. S ite distribution and 
differences between sexes [11] as well as a relationship of th e 
incidence to geographic latitude [10,12] support this idea. In 
dark skinned people with xeroderma pigmentosum an increased 
frequency of malignant m ela noma seems to occur [21]. The 
degree of pigmentation is proba bly not the only factor which 
may predispose for t he development of malignant melanoma, 
but som e internal factor(s) must be considered. Since an in-
creased frequency of maligna nt m elanoma seems to occur in 
patients with xeroderma pigmentosum [7], we found it interest-
ing to study the UV-induced DNA r epair synthesis in patients 
with malignant melanoma. 
No differ ence in UV-induced DNA repair synthesis was found 
when patients with malignant melanoma were compared to 
healthy controls. In a histological examination of a small num-
ber of melanomas from patien ts with xeroderma pigmentosurn, 
a predominant proportion of the tumors were superficial spread-
ing m elanomas [22], a nd therefore we made a separate calcu-
lation for the ten patients with these tumors. However, no 
statistical difference in DNA repair synthesis was recorded. 
In xeroderma pigmentosum and actinic keratosis [16,23] a 
d e creased capacity for UV-induced DNA repair synthesis may 
be regarded as one of probably several etiological factors for 
t he development of cutaneous maligna ncy. In this study, how-
ever, only leukocytes were investigated , and it remains possible, 
t hat a decreased DNA repair synthesis may be found in mela-
nocytes. Alternatively, other parts of the repair process than 
t hose studied here, may be responsible for the malignant trans-
formation of pigment cells in melanoma patients. · 
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